Sugarcane is valuable crop of India and has a major role in foreign exchange. The aim of research work is to investigate the reduction of chemical oxygen demand and color from sugarcane industry effluent by thermolysis and coagulation method. The complete study was done in batch mode to determine the effect of operating parameters. The result shows maximum 73% of chemical oxygen demand and 76% color removal with copper oxide catalyst at 5 kg/m 3 massloading, 85°C reacting temperature, 9 h treatment time and pH 8. Combined study showed 97.6% chemical oxygen demand and 99.9% color removal at pH 6.5 and mass loading 8 mM with copper sulfate salt. The settling and filtration was found to be good at 65°C and 75°C with copper oxide treated sugar industry wastewater.
Introduction
Worldwide water pollution is one of the serious problems. Rapid urbanization, industrialization and population growth have led to the severe contamination of most of the fresh water resources with untreated industrial and municipal wastes (Mane et al., 2015) . According to built environment treatment and reuse of wastewaters has become an absolute necessity to avoid pollution of fresh water bodies (Shivayogimath and Jahagirdar, 2013) . The design and operation of built environments have enormous implications for human health and social life. The aim is to develop affordable, appropriate, creative and innovative solutions for environmental quality standard, which minimize their negative impact on the environment, while maximizing positive economic and social impact. Such environment solution should prevent environmental degradation, and continue functioning into the future without depleting or overloading critical resources.
India is one of the largest producers and consumers of sugar per annum in the world (ISMA, 2014) . During the processing nearly 1000 L of wastewater is produced for every ton of cane crushed. High oxygen demand sugar industry waste water lead to the depletion of dissolved oxygen content in the water bodies if discharged untreated, resulting in rendering the water bodies unfit for both aquatic and human uses (Qureshi et al., 2015) . If untreated wastewater is discharged on land, decaying organic solids present in the wastewater clog the soil pores (Reddy al., 2015) . Hence purification of sugar industry wastewater is a challenging task due to the stringent discharge standards for the protection of environment. In literature different authors have reported the physico-chemical characteristic features of sugar industrial effluents, treatment and their adverse effects (Kumar and Srikantaswamy, 2015) . Generally sugar industry effluent is treated by adopting various physico-chemical and biological methods (Santhanakrishnan and Emelda, 2013) .
Chemical treatment is to provide a desired quality effluent at the required plant capacity with the most economical overall operation. The purpose of coagulation is to clump nonsettable particles together to form floc (Han et al., 2016) . In the process, chemicals are added which will initially cause the colloidal particles to become destabilized and clump together. The particles gather to form larger particles in the flocculation process. When pieces of floc clump together, they may form larger, heavier flocs which settle out and are removed as sludge (Birjandi et al., 2014) . Thermolysis is the thermodynamic process in which dissolved organic and inorganic substances of the waste water are decomposed by the heat and produced soluble, insoluble matters and gaseous products (Chaudhari et al., 2010) . The reaction is usually endothermic (absence of air) as heat is required to break chemical bond of the compound undergoing decomposition at ambient temperature (Prajapati et al., 2015) . Thermo-chemical precipitation of dissolved organics and some inorganics present in the wastewater remove the chemical and biological oxygen demand of the wastewater. Inorganic salts hasten the process of metal complexation and precipitation, just as coagulants/flocculants work at room temperature (Kondru et al., 2009) .
The main aim of this work is to treat the sugar industry wastewater with copper catalyst and salt by combined thermolysis and coagulation process. The work focuses on the effect of pH, effect of mass loading, effect of temperature on pollution removal, settling characteristics, filtrations, FTIR and scanning electron microscopic study of generated sludge.
Material and methods

Material
The waste water was arranged from Bhoramdev Sugar Industry Ltd. Kavardha (C.G.) India. It was kept at kept at 4°C in the freezer to prevent its quality from any change and the parameters are shown in Table 1 . The laboratory grade chemical Merk India Limited Mumbai was used for experiment.
Experimental methods
A glass reactor was used for the thermolysis experiments at atmospheric pressure. This glass reactor (AGR) is a spherical vessel (capacity 0.5 dm 3 ) equipped with a PID temperature indicator cum controller, a long vertical condenser for condensing the vapor, and a magnetic stirrer with variable speed for stirring the reactor contents. The temperature of the reaction mixture during thermal pretreatment operations was maintained between 55 and 95°C . The amount of wastewater (COD 0 = 3682 mg/l) taken in each run was 300 ml. The catalytic agents in desired concentration were used during the operation. Five milliliters of the sample was withdrawn at a definite interval of time and analyzed for its COD and color. The sugar industry wastewater was preheated in the AGR from the ambient temperature (T 0 ) to the treatment temperature (T R ). The preheating period (h) varied with the T R . Therefore, the time of start of treatment was considered as the ''zero time" when the T R was attained after the preheating of the wastewater from T 0 . The oven-dried residue was analyzed for its C, H, N, S and ash content.
Coagulation method is carried out in Jar test apparatus 0.20 dm 3 of SIWW was taken in a 0.50 dm 3 glass beaker. The pH of the effluent was noted and the initial pH (pH 0 ) was adjusted by adding aqueous NaOH (1 M) or H 2 SO 4 (1 M) solution. A known amount of the coagulant was added to the effluent and flash-mixed for 5 min by a magnetic stirrer and, thereafter, slowly mixed for 30 min. The effluent sample was then taken in a glass cylinder and kept quiescent for 6 h. The supernatant liquor was centrifuged and analyzed for its COD value. These steps were repeated at different dosages of the coagulant. The filtration characteristics of the solid residue formed in the treated effluent was studied using an ordinary zero haze grade. The combined steps followed to treat the sugar industry waste water are shown in Fig. 1. 
Analytical procedure
The COD of the samples was determined by the standard dichromate reflux method (Holt et al., 1999) . The chloride concentration was determined by the standard titrimetric Volhard method (Vogel, 1958) . Sulfates and the phosphates were determined using standard methods (Holt et al., 1999) . The concentrations of the metal ions in the filtrate and the residue were determined using an atomic absorption spectrometer (GBC, Model Awanta, Australia). The protein content was determined by the Bradford method (Bradford, 1976) . The color of the sample was measured in terms of the absorbance at k = 430 nm using a UV-vis spectrophotometer (Model Lambda 35) from Perkin-Elmer Instruments, Switzerland.
Settling study was performed in 500 ml cylinder having diameter 46 mm in batch process.
Result and discussion
Optimization of pH for COD and color reduction
The effect of initial pH on COD and color reduction was carried out from sample pH 2-10 at 3 kg/m 3 mass loading, treatment temperature 65°C and reaction time 3 h. Copper sulfate (CuSO 4 ), Copper oxide (CuO), and Copper chloride (CuCl 2 ) have been used as catalyst and without catalyst (WC) sample has been also studied for treatment of SIWW (COD 0 3682 mg/l and color 350 PCU). The chemical oxygen demand and color removal presented in Fig. 2 (a) and (b) show that the catalyst has a better performance in acid and basic nature of sample. Maximum 39.7% COD and 43.6% color reduction at pH 8 and 38.5% COD and 42.5% color reduction at pH4 are shown by copper oxide. Copper sulfate and copper chloride showed 36.8%, 34.7% COD and 41%, 36.1% color removal at pH 8, at acidic (pH 4) 34.5%, 29.7% COD and 37.5%, 32.5%, color removal respectively. In absence of catalyst is shown 23.5% COD and 27% color reduction at pH 4, which slightly increased to 26% COD and 29% color reduction at pH 8. SIWW contains protein carbohydrate and some hydroxyl groups and these groups generally react in the pH range 0-2 and 6-8 (James, 1960) . A homogeneous or a heterogeneous catalyst may catalyze the functional groups to react and form soluble and insoluble components (Chaudhari et al., 2011) . Thus, the COD reductions are due to a combined effect of the active functional groups of effluents which react at certain pH and the catalyst reactivity which varied with pH (Chaudhari et al., 2010) .
Optimization of treatment time for COD and color removal
The effect of reaction time was carried out from 0 to 9 h at 3 kg/m 3 massloading, experimental temperature 65°C, COD and color reduction are shown in Fig. 3(a) and (b) . From the data it is clear the removal efficiency increases with increase in time. Maximum 51% COD and 53.8% color removal were observed for copper oxide at optimum ph (pH 8). Other catalysts CuSO 4 and CuCl 2 follow the same trends of 48% COD and 51% color and 44.5% COD and 46% color removal at 9 h of treatment time. Without catalyst the marginal effect of 37% COD and 38% color removal is shown at same treatment time. The phenomena of reduction in COD and color reduction during heating period, in the absence of oxygen, have been indicated through the loss of volatile organic (large molecule to small molecule) compounds with continuous stirring as well as from thermal decomposition (solid complex) (Skaates et al., 1981) . Similar type of results was also observed by other authors for treatment of pulp and paper industry (Garg et al., 2005) and dyeing industry (Kumar et al., 2008) .
Optimization of massloading for COD and color removal
The effect of massloading on COD and color removal was carried out from 2 to 6 kg/m 3 at optimum pH and treatment time 9 h for copper oxide catalysis as shown in Fig 4(a) and (b). At minimum mass loading of 2 kg/m 3 46.5% COD and 50.5% color removal were observed. The solid precipitate found was of very small quantity and the color converted into sea green after the completion of the reaction. This catalyst mass loading is termed as the critical chemical concentration (CCC) at which the precipitation just starts. However COD 51%, 54%, 60% and color reduction 53.8%, 57%, 63% increased with increase in mass loading 3 kg/m 3 , 4 kg/m 3 and 5 kg/m 3 . Upon further increase in mass loading to 6 kg/m 3 COD 57% and color removal 63% decreased. It proves that 5 kg/m 3 is the optimum mass loading of catalyst for maximum COD (60%) and color reduction (63%) of SIWW. Maximum COD and color reduction are maybe due to the formation of thermo-chemical precipitations (Verma et al., 2011) . In thermolysis process, two mechanisms, both in parallel, but complementary to each other, take place simultaneously. Organic molecules present in the effluent undergo chemical and thermal breakdown and complexation form- ing insoluble particles which settle down in the reactor. The final pH of the treated wastewater decreases from its initial value. In some catalysts, the final pH of the treated wastewater increases from its initial value. This trend may be attributed to the enhanced formation of the formation of carboxylic acids (Kondru et al., 2009 ).
Optimization of reacting temperature for COD and color removal
The effect of reacting temperature on COD and color was carried out from 55°C to 95°C at treatment time 9 h, optimum massloading and pH. The results are presented in Fig. 5(a) and (b) . The experiments were conducted at atmospheric pressure (in a glass reactor under reflux), the reaction temperature cannot exceed beyond 95°C for optimization of reacting temperature. The percentage reduction of COD 55%, 60%, 65%, 73% and color 57.5%, 63%, 68% 76% increases with increase in temperature to 55°C, 65°C, 75°C and 85°C respectively. It was found that the preheating period up to 85°C is sufficient for affecting the COD 73% (994.15 mg/l) and color removal 76% (84 PCU), no further increase in COD and color removal is observed even when the reactor is maintained at 95°C temperature (COD 70% and color 73% at 95°C reacting temperature). The large molecules of the organic matter break into smaller molecules which along with catalytic complexation and carbon sequestration lead to carbon-enriched solid residue formation. Gaseous products having pungent and foul smell were also formed, which escape when the valve is opened after the cooling of the reactor. The gases may consist of methane and/or nitrogenous and sulfurous compounds. The cleavage of the complex molecules present in water and the deposition of the insoluble charred residue lead to the reduction in the COD of the treated wastewater, due to decomposition at high temperature (Chaudhari et al., 2008) .
Catalytic thermolysis followed by coagulation
Effect of pH
The combined effect of coagulation with thermolysis was carried out with pretreated (thermolysis) wastewater and fresh wastewater. The coagulant used included commercial alum, copper sulfate, dried treated sludge at pH 2.5-10.5. Fig. 6(a) shows coagulation with the pretreated wastewater using copper sulfate and dried sludge at COD 0 994.15 mg/l, color 84 PCU and 4 mM mass loading. A maximum of 88.9% COD and 91.5% color reduction with copper sulfate at pH 6.5 was observed. Similarly 83% COD and 85.6% color reductions were found with dried sludge at pH 7.5. Fig. 6(b) shows the COD and color reduction with fresh wastewater with commercial alum and copper sulfate as coagulant at COD 0 3682 mg/l, color 350 CPU and mass lading 30 mM. The result shows that maximum 68.1% COD and 72.5% color reduction with commercial (CA) at pH 7.5, with copper sulfate 65% COD and 68.5% color reduction were found at pH 6.5. This may be due to the formation of metal hydroxide near to natural pH (Chowdhury et al., 2013 ). 
Effect of mass loading
The mass loading for pretreated water was carried out from 2 to 14 mM at optimum pH 6.5 for copper sulfate, which is shown in Fig. 7(a) . Maximum 97.6% COD and 99.9% color reduction was observed at 8 mM mass loading of copper sulfate. Beyond 8 mM the efficiency reduced. The mass loading 10-70 mM was carried out with commercial alum and copper sulfate at optimum pH, which is presented in Fig. 7(b) . Commercial alum shows maximum 78.9% COD and 82.5% color reductions at 50 mM mass loading and copper sulfate shows 84.5% COD and 87.8% color reduction at 60 mM mass loading respectively. Further increase in mass loading decreases the treatment efficiency. This may be due to destabilization of the particles as the charge reversal on the colloids occurs (Engelhardt, 2010; Aboulhassan et al., 2014) . This shows that the combined treatment has better efficiency than single coagulant process, which brings the water up to discharge limit.
3.6. Solid-liquid separation 3.6.1. Settling
The time-course of the settling of sludge of the solid-liquid interface (H/H 0 ) has been studied at optimum pH 0 is shown in Fig. 8 . Since the sludge concentration is uniform at the beginning of the sedimentation tests, the lag zone (clear regime) can be considered negligible. In the constant rate zone, the velocity of the zone settling may be expressed as (Karamisheva and Islam, 2005 ), 
where X = concentration of the suspension, g/l, and V = zone settling velocity, m/h, K (m/h) and b (m 3 /kg) are empirical constants characterizing the sludge. The parameter b relates to the solids density and the degree of hydration. Analysis of residue obtained after thermolysis for copper oxide catalyst at optimum pH, mass loading and temperature is mention in Table 2 . From Fig. 8 , the settling characteristic of treated SIWW at 65°C was 20% solid and 80% liquid interface, at 75°C was 25% solid and 75% liquid and at 85°C was 30% solid and 70% liquid interface found at 100 min of settling time. Beyond 100 min no change was observed. The settling rate after 100 min operation exists in the order of 65°C > 75°C > 85°C > 95°C > 55°C.
Filterability
The filtration characteristics of the treated sample sludge were studied by gravity filtrations. Gravity filtration can be considered as a constant pressure filtration by neglecting the effect of change in the hydrostatic head on the total pressure. The force balance for the gravity filtration using a filter paper on a Buechner funnel can be written as a McCabe et al. (2001) .
where Dt is the time interval of filtration, (s); DV is the filtrate volume collected up to that time interval Dt, (m 3 ); C is the solids concentration in the slurry, (kg/m 3 ); V is the total liquid filtrate volume collected up to the time interval t (m 3 ); l is the viscosity of the liquid filtrate, (Pa.s); DP is the pressure drop across the filter = qgh, (Pa); A is the filtration area, (m 2 ); R m is the resistance of the filter medium, (m À1 ); a is the specific resistance to filtration, also called as SCR.
After recording the observations on the volume of the filtrate as a function of time, a plot of Dt/DV may produce a straight line, which is shown in Fig. 9 . The values of R m and a can be calculated from the slope and the intercept, respectively and are given in Table 3 . The value of cake resistance decreases as 1.30 Â 10 À14 < 1.37 Â 10 À14 < 1.47 -Â 10 À14 < 1.57 Â 10 À14 < 1.68 Â 10 À14 at temperatures 75°C < 85°C < 65°C < 55°C < 95°C. The cake resistance depends on the size of particles and their porosity which is large in chemical treated as compared to the thermal treated.
FTIR spectra
To determine the function groups in residue (dried) FTIR study was carried out, which is presented in Fig. 10 (a) untreated treated and Fig. 10(b) copper oxide treated. When SIWW is thermally treated with copper oxide catalyst, it shows 73% COD and 76% color reduction at optimum conditions. After treatment the supernatants obtained were dried for study of FITR. The IR spectral studies of waste samples provide useful information on the presence of different functional groups. Sugar industry wastewater sample exhibits a broad band covering the region 3150-2800 cm À1 suggesting the presence of hydrogen bonded t(OH) group. A broad band at 1500 cm À1 due to d(OH) further suggests the presence of hydroxyl group. A strong band at 1254 cm À1 confirms the presence of sulfate group possibly attached with metal ions. In addition, the presence of conjugated carbon-carbon bond is indicated by the presence of a medium intensity band at 1462 cm À1 (Fig. 10(a) ). Dried sludge obtained after ther- molysis treated with copper oxide gave relatively sharp but still a broader band at 3400 cm À1 . This is possibly due to breaking of the hydrogen bond and the presence of either free hydroxyl or coordinated hydroxyl group. This also suggests the precipitation of the component bearing hydroxyl group present in either complexed or free form. Absence of band due to sulfate group in this component indicates the removal of a sulfate group as water soluble component. The band at 986 cm À1 is possibly due to the presence of metal oxide, which is further supported by the appearance of two bands at 596 and 480 cm À1 due to t(M-O), which is shown in Fig. 10(b) .
X-ray diffraction and scanning electron micrograph
Dried sludge (thermolysis at optimum parameters) treated with CuO catalyst was characterized by BET surface Figure 10 . FTIR spectra of (a) sugar industry waste water (dried), (b) sugar industry waste water after catalytic thermolysis (dried).
area; X-ray diffraction (XRD) and scanning electron microscopy (SEM). XRD patterns of dried sludge CuO catalyst is shown in Fig. 11(a) . The precipitate shows the presence of CuO phase at different 2h values. Scanning electron micrograph of treated sludge is shown in Fig. 11 (b). The sludge formed by thermolysis shows amorphous solids distributed as small particles. The particles looked like an inorganic powder micrometers in size. The thermolysis eliminates the various pollutants in the wastewater by decomposition, meanwhile the copper catalysis particles are mixed including pollutants. The analysis of sludge in wt percentage by EDX obtained after treatment of SIWW by copper oxide is presented in Table 4 . It shows that elements C, O, Al, Si, S, Cl, K, Ca, Fe, Cu are available in the sludge; they can be used as fuel material or cement mixture for construction.
Conclusions
Present study shows that thermochemical treatment process is effective to treat the sugar industry wastewater using copper oxide. Removal efficiency of treatment depends on the operating parameter. Maximum 73% chemical oxygen demand and 76% of color removal were obtained at 5 kg/ m 3 mass loading, reacting temperature 85°C, treatment time 9 h and optimum pH 8 with copper oxide. Pretreated SIWW shows 97.6% chemical oxygen demand and 99.9% color removal at 8 mM mass loading and pH 6.5 with copper sulfate. Commercial alum treated sugar industry waster shows 78.9% COD and 82.5% color removal at 50 mM mass loading and pH 7.5. Copper sulfate (only coagulation) shows 84.5% COD and 87.8% color removal at 60 mM massloading and pH 6.5. The settling and filtration characteristics show 30% solid and 70% liquid interface in 100 min which are good as compared to 95°C temperature treated wastewater. The cake resistance is found to be 1.37 Â 10 À14 and medium resistance 1.20 Â 10 À12 (m/kg), it shows good porosity in sludge. The quality of water after treatment was found to be suitable for irrigation use and for direct discharge into the streams after copper removal. The sludge contains carbon 20.16% wt, oxygen 50.47% wt and copper 23.24% wt, it can be used as fuel. The treated wastewater contained more copper compared with pollution control board dischargeable limits. It required further treatment like adsorption or membrane separation of copper before discharge into the receiving stream. The outcome of research is; treatment with copper as catalyst and salt shows the appreciable removal of chemical oxygen demand and color from sugar industry effluent. 
